Accepted to ApJ Letters: 7 June 2012 

Preprint typeset using LAT^X style cmulatcapj v. 5/2/11 



A LIKELY CLOSE-IN LOW-MASS STELLAR COMPANION TO THE TRANSITIONAL DISK STAR HD 142527 

Beth Biller 1 , Sylvestre Lacour 2 , Attila Juhasz 3 , Myriam Benisty 1 , Gael Chauvin 4,1 , Johan Olofsson 1 , 
Jorg-Uwe Pott 1 , Andre Muller 1 , Aurora Sicilia-Aguilar 5 , Mickael Bonnefoy 1 , Peter Tuthill 6 , Philippe 

Thebault 2 , Thomas Henning 1 , Aurelien Crida 7 
Accepted to ApJ Letters: 7 June 2012 

ABSTRACT 

With the uniquely high contrast within 0.1" (Amag(L') = 5-6.5 magnitudes) available using Sparse 
Aperture Masking (SAM) with NACO at VLT, we detected asymmetry in the flux from the Her- 
big Fe star HD 142527 with a barycenter emission situated at a projected separation of 88±5 mas 
(12.8±1.5 AU at 145 pc) and flux ratios in H, K, and L' of 0.016±0.007, 0.012±0.008, 0.0086±0.0011 
respectively (3-cr errors) relative to the primary star and disk. After extensive closure-phase model- 
ing, we interpret this detection as a close-in, low-mass stellar companion with an estimated mass of 
~0. 1-0.4 Mq. HD 142527 has a complex disk structure, with an inner gap imaged in both the near 
and mid-IR as well as a spiral feature in the outer disk in the near-IR. This newly detected low-mass 
stellar companion may provide a critical explanation of the observed disk structure. 



1. INTRODUCTION 

Transition disks may trace a key step in the pro- 
cess of forming planets and dissipating primordial stel- 
lar disks. Transition disks are primordial disks char- 
acterized by weak mid-IR emission (at ~15 /zm) rel- 
ative to the Taurus me dian spectral energy distribu- 
tion (jNajita et al.l 120071 i.e. the median SED of pri- 
mordial disks in the young (<2 Myr) Taurus star- 
forming region). A number of transition disks possess 
gaps either posi ted from SED studies or direc tly imaged 
(I Andrews et al.l 120111: iFukaeawa et all 120061 : iPott et al.l 
120101 : iBrown et al.1 120091 ) which may be due to clear- 
ing of dust by a forming planet or brown dwarf and 
thus may produce the observed mid-IR deficit. Tran- 
sition disks have therefore been popular targets for high- 
contrast high-resolution imaging planet searches. 

While transition disks have previously been searched 
for planets using high contrast imaging techniques (e.g. 
adaptive optics and coronagraphy) , most of these tech- 
niques currently do not extend to the inner 0.1" which 
corresponds to the crucial planet-forming regions (~T0 
AU) of the disk for objects at distances >100 pc. Only in- 
terferometric techniques pos sess the resolutio n to reveal 
these inner regions (see e.g. IPott et al.ll2~010l ) The inter- 
ferometric technique of Sparse- Aperture Masking (SAM) 
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uniquely allows us to both probe the inner 0.1" of transi- 
tional disks and reach high contrasts of Amag(L') =5-6.5 
mag. Probing this region enables us to understand how 
planets form in their native disk and how they impact the 
surrounding material. Indeed, observations using SAM 
have already yielded two planetary or bro wn dwarf candi- 
date companions to transitio n disk stars (Huclam o et al.l 
l201lHKraus fe Irelandll2012| ). 

The transition disk star HD 14 2527 is a Herbig Fe 
star with spectral type of F 6 Hie ijHouk 1 119781 : iHenize I 
[19761: IWaelkens et all Il996l) . HD 142527 notably pos- 
sesses a very complex and interesting disk that has long 
been posited as a possible site of planet formation. Re- 
cent SED modeling an d VISIR imaging sug gests a disk 
gap from 30 - 130 AU (jVerhoeff et al.l 1201 lb . The outer 
edge of the gap as well as a spiral feat ure in the outer 
disk ha ve been imaged i n the near-IR pukagaw a et al.l 
120061 ). iFukaeawa etall (|2006l ) also find an offset of 20 
AU between the star center and disk center, which they 
posit is caused by a n unseen eccentric binary companion. 
iBaines et~a l. (2006) note this system as a possible (but 
unconfirmed) binary detection from spectro-astrometry. 
The disk of HD 142527 also possesses an extremely high 
fraction of crystalline silicates, possibly formed by a mas- 
sive comp anion inducing spiral de nsity waves in the disk 
material (jvan Bockcl et al. 2004). Here we report the 
discovery of a likely close-in, low-mass stellar compan- 
ion (12.8±1.5 AU at 145 pc and flux ratios in H, K, and 
L' of 0.016±0.007, 0.012±0.008, and 0.0086±0.0011 re- 
spectively) to this star. This is the first confirmation of 
the binarity of HD 142527 and may provide a critical 
explanation of the observed disk structure. 

2. STELLAR PARAMETERS 

Hipparcos measurements for HD 142527 yield a dis- 
tance of 230^4g pc (jvan Leeuwenl [2007) . Alternately, 
HD 142527 h as been associated with both t he Sco OB- 
2 association (lAcke fe van den Anckerll2004D and Upper 
Centaurus Lupus (|de Zeeuw et al.lll999t iTeixeira et al.l 
2000) . Membership in either association (indeed the two 
both are part of the larger Sco-Cen as sociation) place 
HD 142527 at a distance of 140-145 pc (|de Zeeuw et all 
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1999) and an age of 2-10 Myr. We consider the evidence 
of association within Sco-Cen to be very strong and thus 
adopt a distance of 145±15 pc, which still lies within 2-cr 
o f the rather unc e rtain Hipparcos measurement. 

iVerhoeff et al.l ()2011[ ) obt ain a s t ellar luminosity of 
15±2 L© from comparison to lKuruczl (j!991h photospheric 
models for the object spectral type of F6 III. They 
correct the stellar luminosity to 20±2 L Q after taking 
into account a model-dependent grey extinction com- 
ponent of the disk and halo and obtain updated stel- 
lar parameters by comparing the position of this star in 
the Hertz sprung-Rus s ell dia gram to the PMS evolution 
tracks of Sies s et al. (|2000[). Here , we a dopt the stel- 
lar parameters from IVerhoeff et al.l ([20111 ) - specifically, 
a stellar mass of 2.2±0.3 M© and an age of Myr 
consistent with membership in the Sco OB-2 association 
(Table P. 

3. OBSERVATIONS AND DATA REDUCTION 

HD 142527 was observed on 10 March 2012 with VLT 
NACCQ. Observations were taken in the H, K, and L' 
bands (Al'= 3.80 ± 0.31 /tzm) using the "7 holes" aper- 
ture mask and the IR wavefront sensor (WFS). The ob- 
serving log is presented in Table [5J The target was ob- 
served in each band for 30 min to 2 hrs. 

The use of the "7 holes" ( C 7-892 . iTuthiil et al.l[20Tol) 
aperture mask transforms the telescope into a Fizeau 
interferometer. The point spread function is a com- 
plex superposition of fringes at given spatial frequen- 
cies. In specific cases, pupil-masking can outperform 
more traditional differential imaging for a num ber of rea- 
sons (jTuthill et al.H200a iLacour ' et al.H2011aD . First, the 
masks are designed to have nonredundant array configu- 
rations that permit phase deconvolution; slowly moving 
optical aberrations not corrected by the AO can be ac- 
curately calibrated. Second, the mask primarily rejects 
baselines with low spatial frequency and passes propor- 
tionately far more baselines with higher A/B (where B is 
baseline length) resolution than does an orthodox fully 
filled pupil. Third, high-fidelity recovery of phase infor- 
mation allows super resolution, with a marginal loss of 
dynamic range up to A/2D (where D is the mirror diam- 
eter). The principal drawback is a loss in throughput so 
that photon and detector noise can affect the signal-to- 
noise ratio even where targets are reasonably bright for 
the AO system. The effective field-of-view of SAM is de- 
termined by the shortest baseline so that the technique 
is not competitive at separations that are greater than 
several times the formal diffraction limit. For SAM ob- 
servations with the "7 holes" mask with VLT NACO, the 
field-of-view is 300 mas in H band, 400 mas in K band, 
and 600 mas in L b and. For more detail s on the SAM 
mode, please see e.g. lLacour et al.l (|2011bf ); [Tuthill et al.l 
([21)1(1 

The HD 142527 observations were processed with 
both the Sydney FFT and Observatoire de Paris SAMP 
pipelines (|Tuthill et al.ll2000l: lLacour et al.ll2011bft . Both 
the x 2 map and the phase in the UV plane (ex- 
tracted from the closure phases, see lHuelamo et al1l201lD 
show an asymmetry typical of point sources (at the reso- 
lution of the telescope, see left panel of Figure 1). There- 
fore, we fitted the closure phases with a model of two 
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point-like objects (the star and a companion of lesser 
flux). In all three bands, the best fit model to the clo- 
sure phases shows a point-like asymmetry at 88±5 mas 
from the central star with flux ratios in H, K, and L' 
of 0.016±0.007, 0.012±0.008, 0.0086±0.0011 respectively 
(3-cr errors) relative to the primary star and disk. The 
X 2 map of the L' band data is shown in the right panel 
of Fig. 1. The fit on several of the 35 closure phases 
triangle is plotted in Fig. 2 (L' band data). 

4. RESULTS 

4.1. Photometry 

We adopt the HKL magnitudes from Malfa it et al.l 
(1998), since no L band data is available from 2MASS. 
We note, however, that there is a significant diver- 
gence between the r eported 2MASS photometry and the 
IMalfait et all ([1998D phot ometry. The 2MASS photom- 
etry is brighter than the IMalfait et al.l ([1998D photom- 
etry by 0.1-0.3 mag, which may suggest variability for 
this sy stem. No errors are provided for the IMalfait et al.l 
(1998) photometry; we assume error bars are similar to 
the 2MASS photometry. 

Raw photometry for this system is comprised of light 
from three components - primary star, secondary com- 
panion, and disk. Some portion of the disk (the "outer 
disk") lies ou tside of the SAM fi eld of view. From the 
SED model of lVerhoeff et al.l ([201 ID we estimate that the 
outer disk comprises ^10% or less of the total system flux 
at HKL'. Thus, we do not correct the raw photometry to 
remove the outer disk component. Magnitudes in H, K, 
and L' for the star+disk are presented in Table [T] 

The detected companion has flux ratios in H, K, and L' 
of 0.016±0.007, 0.012±0.008, 0.0086±0.0011 respectively 
(3-cr errors) . To account for errors in the initial photom- 
etry as well as our measured SAM flux ratio, we adopt 
a Monte Carlo approach. We simulated an ensemble of 
10 6 observations per band, with photometry and flux ra- 
tios drawn from Gaussian distributions centered on the 
measured values and with a drawn from the reported er- 
rors. The apparent magnitude in each band is given as 
the median of this ensemble, with error bars drawn from 
the standard deviation of the same ensemble. Thus, the 
measured flux ratios and primary star photometry cor- 
respond to apparent magnitudes of 10.5±0.2 10.0zfc0.3, 
9.1± 0.1 in HKL' (Table[Q in CIT bandpasses. lElias et alj 
1982). The companion appears anomalously bright in 
L'. While the H-K color are similar to what would be 
expected for a young red companion, K-L' ~0.9 mag, di- 
verging significantly from the expected value of ~0.4 mag 
(Baraffc et al. 1998). Companion fluxes in these band- 
passes, along with the full SED for the system are plotted 
in Fig. H 

We employed a similar Monte Carlo approach in con- 
verting from apparent to absolute magnitudes. For our 
ensemble of 10 6 simulated objects, we simulate corre- 
sponding distances drawn from a Gaussian centered at 
145 pc and with a of 15 pc. Absolute magnitudes are 
also reported in Table [TJ 

4.2. Probability of Chance Alignment 

We estimated the likelihood that this companion is an 
unrelated background or foreground object using source 
counts from the 2MASS survey. Within a 1 degree ra- 
dius of the primary, 2MASS detects 1918 objects with 
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H of 10.7 mag or brighter and 1505 objects with Ks of 
10.0 mag or br i ghter Thus, adopting the approach of 
iBrandner et al.l (|2000f) . in particular, their equation 1, we 
estimate the probability of finding an unrelated source at 
least as bright as the observed companion within 0.088"of 
the primary to be — 1.1 xl0~ 6 in H band and — 8.3xl0 -7 
in Ks. We also considered simulated stellar populations 
along this line of sight (Galactic latitude and longitude 
of 335.6549°, +08.4804°) us ing the Besa n con G alactic 
population synthesis models iRobin et al.l (|2003l ). This 
line of sight is directly into the Galactic bulge, so the 
models yield 882 background sources per square degree 
brighter than K=10.5 mag. However, the chances of find- 
ing one of these within 0.088" of the primary are still 
vanishingly small - — 1.6xl0 -6 - and these objects are 
predominantly M giant stars, with considerably bluer ex- 
pected colors (f or a M5III star, H-K = 0.29 mag and K- 
L' = 0.22 mag, iTokuna ga 2000) than measured for the 
detected companion. It is therefore extraordinarily un- 
likely that the companion is unrelated to the primary, 
although proper motion confirmation in a year will be 
necessary to finally determine this. 

4.3. Mass Estimate 

Estimated masses for both system components are 
highly dependent on adopted age. Certainly the HD 
142527 system is quite young, but whether it is 1 Myr or 
10 Myr makes a critical difference in the mass estimate 
for the f aint companion . Here , we adopt a similar age 
range as iVerhoeff et al.1 (j 2 1 lh , which is dependent on 
membership in the Sco OB-2 association. 

We again adopt Monte Carlo methods to account for 
the range of possible ages for this system. An ensem- 
ble of 10 6 possible ages are drawn from a Gaussian in log 
space, centered on log(age) = 6.7 and with cr(log(age)) = 
0.4. We then interpolate with age and single band abso- 
lute magnitude to f ind the best mass for the companion 
from the models of iBaraffe et al.l ((19981 ) . The resulting 
mass distributions are presented as histograms in Fig. [3l 
It is apparent that the mass estimate for the companion 
is not well constrained at these ages but is most likely 
to lie in the range from 0.1-0.4 M Q . We estimate a best 
mass estimate for each band of 0.28±0.15 M , 0.34±0.19 
Mq, and 0.60±0.29 M in HKL' respectively. However, 
the mass distributions from our Monte Carlo simulations 
are highly non-Gaussian with significant probability to 
find considerably higher companion masses. All mass es- 
timates are within 2-a of each other, but the L' band 
mass estimate is particularly high and we note that the 
companion appears anomalously bright in L'. While the 
H-K colors are similar to what would be expected for a 
young red companion, K-L' —0.9 mag, considerably di- 
vergent from the expected value of 0.4 mag. We thus 
do not attempt to estimat e spectral type us ing H-K and 
K-L' colors. The models of lSiess et all ((20001 ) yield a sim- 
ilar mass range for the companion of 0.1-0.4 M for ages 
of 2-12 Myr. The models themselves are highly depen- 
dent on age; to illus trate this, we plot isomass contours 
(from the models of IBaraffe et al.lll.998t ) as a function of 
absolute H magnitude and age in Fig. El 

4.4. Constraints on the Orbit 

We estimate the semimajor axis of HD 142527B's or- 
bit from its observed separation. Assuming a uniform 



eccentricity dist ribution betw e en < e < 1 and random 
viewing angles, IDupuv et al.l (|2010l ) compute a median 
correction factor between projected separation and semi- 
major axis of l-lOto'Jg (68.3% confidence limits). Using 

this, we derive a semimajor axis of U±l 2 AU. While the 
mass estimate for the companion is quite uncertain, we 
adopt the K band value as characteristic and adopt a 
total system mass of 2.54±0.35 Mq. Our derived semi- 
major axis estimate corresponds to an orbital period es- 
timate of 33ljg years. 

After a year, we expect up to 20 mas of orbital motion 
on the sky for the companion, which is easily detectable 
with SAM. The degree of motion observed will put im- 
portant constraints on the mass of the companion (after 
adopting an estimate of the mass of the primary) and will 
provide a key datapoint for an eventual dynamical mass 
determination for this system. Assuming a coverage of 
one third of an orbit is necess ary for a good orbital deter- 
mination (|Dupuv et alj|2010l ) , such a determination may 
be possible in 10 year timescales for this system. HD 
142527A has a measured proper motion of -11.19±0.93 
mas in RA and -24.46±0.79 in DEC - i.e. about -20 
mas on-sky motion in a year, with 3-cr astrometric errors 
of —5 mas. Thus, we will also be able to completely rule 
out the extremely unlikely case that the companion is an 
unrelated background object. 

5. DISCUSSION 

The existenc e of an inner binary has been predicted 
for HD 142527 (jFukagawa et alJl25oa iBaines et al. 112001 
but this is the first confirmation of the binary compan- 
ion. The i nner binary likely expla ins the 20 AU offset 
observed bv lFukaeawa et "aU ( 2006) between the primar y 
and the disk center (jPichardo et al.ll2008t lNelsonl[2003h . 

The discovery of the inner binary provides an impor- 
tant update for modeling efforts o f the structure of the 
inner disk. The modeling efforts of lVerhoeff et al.l (|201lD 
find a flat, dusty inner disk from 0.3 to 30 AU (outer 
radius supported as well by marginally resolved VISIR 
imaging), an optically thin halo from 0.3 to 30 AU, and 
an outer disk starting at 130 AU. The current projected 
separation for the companion, —13 AU, place it right in- 
side the modeled inner disk! Thus, it is likely that the 
companion may produce a cleared ring within the inner 
disk. Models of the physical properties of disks around 
eccent ric stellar binaries oft en show entirely cleared inner 
disks (Pichardo ct al. 2008), which may not be the case 
here. 

The HD 142527 disk is notable for being comparably 
bright or even brighter than the primary star at infrared 
wavelengths. At H and K bands, the star is as bright 
or brighter than the disk, whereas at L band, the disk is 
considerably brighter than the star. We consider all com- 
ponents of the lVerhoeff et al.l (|2011l ) SED model in deriv- 
ing photometry for the companion. However, if a portion 
of the inner disk does not contribute to the brightness 
of the central source, this may be the reason that our 
L' band flux measurement for the companion is anoma- 
lously bright. Alternatively, the very bright measured 
L' band magnitude may suggest that the secondary has 
its own small circumstellar disk (with possible accretion 
onto the secondary) or that the relatively massive sec- 
ondary may produce local disk heating. Transient heat- 
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ing caused by the secondary inducing spiral shock waves 
in the disk material could also be the source of the high 
fracti on of crystalline sillicat es found at large radii in this 
disk (jvan Boekel et al.ll2004f ). 

The large cavity observed in the HD 142527 disk may 
be the signature of an unseen companion interacting with 
the inner binary. A binary + planet system can open a 
muc h larger gap than can be formed by the binary by it- 
self jNelsoril2003t IKlev et al.ll2Ciol HTlev fc Nelsonll2008L 
120121 ). INelsonl (|2003fl note that in the case of an eccentric 
inner binary system, the circumbinary disk itself can be- 
come eccentric, ending the inner migration of the planet 
and producing a stable orbital configuration. This seems 
a likely explanation of the observed disk structure in the 
HD 142527 system, especially the wide gap within 130 
AU, but must be confirmed by continued orbital moni- 
toring of the binary system to confirm that it is indeed in 
an eccentric orbit. Followup SAM observations are thus 
absolutely critical for this system and are still possible 
within the lifespan of NACO. Eventually, a dynamical 



mass can be determined for this system, perhaps in 10 
year timescales and monitoring on 1-2 year timescales 
may help confirm the eccentricity of the orbit (see e.g. 
iBiller et al.ll2010l for a similar example). 

6. CONCLUSIONS 

We detect a likely close companion to HD 142527 with 
separation of 88±5 mas (12.8±1.5 AU at 145 pc) and 
flux ratios in H, K, and L' of 0.016±0.007, 0.012±0.008, 
0.0086±0.0011 respectively (3-cr errors) relative to the 
primary star and inner disk. The companion is consis- 
te nt with mass e stima tes of 0.1-0.4 M Q from the models 
of lBaraffe et al.l (|1998l ). However, continued orbital mon- 
itoring will be necessary to provide more accurate mass 
estimates, as model masses contain significant uncertain- 
ties at these young ages. The inner binary like l y exp lains 
the 20 AU offset observed bv lFukagawa et al.l (12006ft be- 
tween the pr i mary and the disk center ([Pichardo et all 
120081: INelsonl 120031 ). Additionally, the large cavity ob- 
served in the HD 142527 may be the signature of an 
unseen planet interacting with the inner binary. 
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TABLE 1 

Properties of the HD 142527 AB System 



Primary + Disk 



Secondary 



Distance 
Age 

Proper Motion (/i a , fig) 

Separation: 11 March 2012 UT 

Position Angle: 11 March 2012 UT 

Flux Ratio in H 

Flux Ratio in Ks 

Flux Ratio in L' 

H (mag) 

Ks (mag) 

V (mag) 

H — Ks (mag) 

Ks — L' (mag) 

M H (mag) 

M Kl , (mag) 

M L , (mag) 

Spectral type 

Estimated Mass 



145±15 pc a 
5^ Myr a 
(-11.19±0.93, -24.46±0.79) mas/yr b 
88±5 mas (12.8±1.5 AU) 
133.3±2.5° 





0.016±0.007 




0.012±0.008 




0.0086±0.0011 


5.94 c 


10.5±0.2 


5.20 c 


10.0±0.3 


3.89 c 


9.1 ±0.1 


0.74 


0.5±0.4 


1.31 


0.9±0.3 


0.2±0.2 


4.8±0.3 


-0.6±0.2 


4.2±0.3 


-1.9±0.2 


3.3±0.2 


F6IIIe 




2.2±0.3 M a 


0.1-0.4 M 



a I Verhoeff etaTI ll20ill) 
b Ivan Leeuwenl 12007T) 
c IMalfait et aU ( 1998) 



TABLE 2 

HD 142527 2012-03-11 (UT) observation log 



Target 


UT time 


Band 


DIT (ms) 


NDIT 


HD142527 


2012-03-llT06:02:25.1402 


L' 


120 


330 


HD142695 


2012-03-llT06:37:33.3990 


L' 


120 


330 


HD142527 


2012-03-llT06:46:55.5591 


L ! 


120 


330 


HD142384 


2012-03-llT06:57:19.0879 


L" 


120 


330 


HD142527 


2012-03-llT07:07:34.3389 


L' 


120 


330 


HD144350 


2012-03-llT07:18:46.5699 


L ! 


120 


330 


HD142527 


2012-03-llT07:32:05.3348 


L - 


120 


330 


HD142695 


2012-03-llT07:41:37.5524 


L' 


120 


330 


HD142527 


2012-03-llT07:51:14.5767 


L' 


120 


330 


HD142527 


2012-03-llT08:13:19.5884 


Ks 


109 


360 


HD142384 


2012-03-llT08:27:00.5782 


Ks 


109 


360 


HD142527 


2012-03-llT08:42:30.3669 


Ks 


109 


360 


HD142695 


2012-03-llT08:53:16.9986 


Ks 


109 


360 


HD142527 


2012-03-llT09:03:59.4995 


Ks 


109 


360 


HD142527 


2012-03-llT09:23:19.1784 


H 


100 


360 


HD142384 


2012-03-llT09:34:21.3448 


H 


100 


360 


HD142527 


2012-03-llT09:44:44.1641 


H 


100 


360 
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Fig. 1. — Left panel: L' band UV coverage on HD142527. The size and colors of the markers are relative to the phase measured. The 
larger the size, the higher the value of the phase. The colors denotes the sign of the phase (red are negatives values). The plot shows 
diagonal stripes orthogonal to the direction of the binary companion (indicated by the arrow). Middle panel: L' band \ 2 surface as a 
function of RA and DEC obtained from the best fit binary model to the closure phases. A clear minimum indicates the position of the 
stellar companion, coherent with the orientation of the stripes in the Fourier domain. The red contours correspond to 3 and 5 sigma error 
bars in the detection. Right panel: L' band closure phase as a function of parallactic angle for the 6 largest 3-hole triangles. Calibrator 
data arc represented as colored squares (red HD142695, green HD144350 and blue HD142384), while HD142527 data are plotted as black 
squares. The solid line is the closure phase predicted by the best fitting binary system model. 
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Fig. 2. — SEP for HD 142527 as well as companion fluxes in the same bandpasses. SED datapoints are drawn from the photometry of 
IMalfait et all CHS)- 
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Fig. 3. — Left: Mass estimate histograms for HD 142527B. We adopt Monte Carlo methods to account for the range of possible ages for 
this system. An ensemble of 10 6 possible ages are drawn from a Gaussian in log space, centered on log(age) = 6.7 and with c(log(age)) 
= 0.4. We then int erpolate with age and single band absolute magnitude to find the best mass for the companion from the models of 
Baraffc ct al. (1998). We plot here the resulting mass distributions from single-band absolute magnitudes in H, K, and L'. It is instantly 
apparent that the mass estimate for the companion is not well constrained at these ages but is most lik ely to lie in the rang e from 0.1-0.4 
Mq. Right: Age vs. absolute magnitude in the H band. We plot isomass contours (from the models of Baraffe ct al. 1998) as a function 
of age and absolute magnitude, as well as the assumed age and absolute magnitude of the companion. The models themselves are highly 
dependent on age; the region constrained by the observations (yellow rectangle) is consistent with companion masses from 0.1 - 0.4 Mq. 



